Newazaphilones named isochromophilones III~VI were isolated from the culture broth of Penicillium multicolor FO-3216 as inhibitors of acyl-CoA : cholesterol acyltransferase (ACAT). Their structures were elucidated by NMR and other spectroscopic analyses. The IC50 values of isochromophilones III, IV, V and VI for ACATactivity in an enzyme assay using rat liver microsomes were calculated to be 110, 50, 50 and 120fiM, respectively.
produced by a fungal strain FO-3216. They are classified in an azaphilone group like isochromophilones I (1), II (2)8) and sclerotiorin (7).9~11} In this paper, taxonomy of the producing strain and fermentation, isolation, structure elucidation and biological properties of 3~6 are described.
Results

Taxonomyof Producing Organism
Strain FO-3216 was originally isolated from a soil sample collected at Shirokane, Minato-ku, Tokyo, Japan. For the identification of the fungus, Czapek yeast extract agar (CYA), malt extract agar, 25%glycerol nitrate agar and potato-dextrose agar were used. This strain grew rapidly to form mistletoe gray to dark covert gray colonies with diameter of 50~70mm after incubation for 14 days at 25°C. Reverse of the colonies was dark orange to grayish red brown. Yellowish orange soluble pigment was produced on CYAcolonies.
Morphological observations was done under a microscope (Olympus Vanox-S AH-2) and a scanning electron microscope . When the strain FO-3216 2960, 3430, 2960, 3420, 2960, 2960, 2870, 2920, 2870, 2930, 1870, 2925, 2850, 1730, 1700, 1670, 1610, 1750, 1670, 1760, 1630, 1640, 1595, 1560, 1460, 1610, 1560, 1560, 1530, 1535, 1500, 1265. 1270 1460, 1210. 1370, 1340. Fig . 3 . UV spectra of3~6. was grown on potato-dextrose agar at 25°C for 7 days, the conidiophores born from substrate hyphae, and penicillia were mainly monoverticillate as shown in Fig.  2 . The phialides were 7.5~10x2~3/mi. The conidia were globe to subglobe and 2.5~3/mi in diameter and its surface was smooth. From the above characteristics, strain FO-3216 was identified as the Penicillium multicolor,12) and named Penicillium multicolor FO-32 1 6. This strain was deposited in the National Institute of Bioscience and Human Technology, Agency of Industrial Science and Technology, Japan, as FERM P-14152. Fermentation A slant culture of strain FO-3216 grown on YpSs agar (soluble starch 1.5%, yeast extract 0.4%, MgSO4-7H2O 0.05%, KH2PO4 0.1% and agar 2.0%, pH 6.0) was inoculated into two 500-ml Erlenmeyer flasks containing 100ml ofa seed medium (glucose 2.0%, yeast extract 0.2%, MgSO4-7H2O 0.05%, polypeptone 0.5%, KH2PO4 0.1% and agar 0.1%, pH 6.0). Two hundred ml of the seed culture was transferred in a 30-liter jar fermenter, containing 20 liters of a production medium (soluble starch 3.0%, glycerol 1.0%, soybean meal 2.0%, dry yeast 0.3%, KC1 0.3%, CaCO3 0.2%, MgSO4-7H2O 0.05% and KH2PO4 0.05%). The fermentation was carried out at 27°C. This three-day cultured broth was used for the isolation of 3~5. For production of6, 1 ml of the same seed culture was transferred into each of five 500-ml Erlenmeyer flasks containing 100ml of the production medium. The flasks were then shaken on a rotary shaker at 27°C. This three-day cultured broth was used as a starting material.
Isolation
The 20 liter broth of the jar fermentation was centrifuged to obtain the mycelium, which was extracted with 10 liters of acetone. After filtration, the acetone extract was concentrated to remove acetone, and the remaining aqueous solution was extracted with 3 liters of ethyl acetate. The extract was concentrated in vacuo to dryness to yield a dark red powder (35g). A portion of the powder (10g) 12 cm). After washing with toluene -acetone (100 : 5), the fraction containing 4 was eluted with toluene -acetone (100:7), and the mixture of 3 and 5 was eluted with toluene -acetone (100 : 18). Final purification of isochromophilones were carried out by preparative TLC developed with toluene -acetone (5 : 1). Active bands was collected and extracted with CHC13-methanol (9 : 1). The extracts were concentrated in vacuo to yield pure 3 (25mg), 4 (5mg) and 5 (lOmg) as yellow powders.
For isolation of6, the broth of the flask culture was also centrifuged to obtain the mycelia, which was extracted in the same manneras the mycelia ofthejar fermentation. The extract was concentrated in vacuo to give a red powder (500mg) and then it was chromatographed on a silica gel column (60g, i.d. 2.0 x 10cm). After washing with toluene, 6 was eluted with toluene -acetone (100 : 5). It was further purified by preparative TLC to yield a red powder of 6 (5mg). Structure Elucidation of 3-6
The physico-chemical properties of 3~6 are summarized in Table 1 . The UVspectra of 3~6 are shown in Fig. 3 . The chemical shifts of XHand 13C NMRof 3-6 are shown in Tables 2 and 3, From HMBC experiments, the two sequences were combined to form a 3,5-dimethyl-l ,3-heptadienyl residue and the residue was further connected to 7,8-dihydro-6//-2-benzopyran ring as shown in Fig. 4 . Bonding of a chlorine atom to C-5 was reasonable from its chemical shift (106.0ppm). Thus the planer structure of 5 was elucidated as shown in Fig. 4 , which was the same as that ofTL-1 (8).13) However, the 13C chemical shifts of 5 and 8 were different.
Therefore, 5 was regarded as a diastereomer of 8. The stereochemistry of 5 was elucidated by the exciton chirality method. 14) Treatment of 5 with />-chlorobenzoylchloride afforded the dibenzoate 9. The CD spectrum in MeOHof 9 exhibited positive first and negative second Cotton effects (260.0 nm As 16.9, 238.5nm As -34.3, Fig. 5 ). Therefore, 9 gave a positive split CD, suggesting that the possible configuration of 5 was 7i?,8S or 7R,8R. As the NOE was observed between H-l and H-8 (9%) but not between H-8 and 7-CH3, the absolute configuration of 5 was deduced to be 7R,8R (Fig. 6) . The configuration of C-13 was not elucidated. Consequently, the structure of 5 was elucidated as (7i?,8i?)-7-deacetyl-<98,8-dihydro-sclerotiorin. The HMBC experiment and the comparisonof the chemical shifts of 3 and 5 revealed the planer structure of 3 as shown in Fig. 7 . The stereochemistry of 3 was elucidated by the same methods as described for 5. The CDspectrum of 7,8-bis-/?-chlorobenzoate of 3 (10) in MeOHexhibited positive first and negative second Cotton effects (255 nm As 9.37, 234nm As -14.6, Fig. 5 ). Therefore, 10 gave a positive split CD, suggesting that the possible configuration of 3 was 1R,SS or 1R,8R. The coupling constants of H-8a (/la8a=14Hz, /8a>8=10Hz) indicated that
Ha-1, H-8a and H-8 were all axial. The NOEbetween 7-CH3 and H-8 (10%) suggested that 7-CH3 was equatorial (Fig. 8) . Thus the absolute configuration of 3 was deduced to be 7i?,8jR,8ai?. Consequently, the structure or j was elucidated as ( /K,XK,$aK)-7-deacetyll ,8a-dihydro-(98,8-dihydro-sclerotiorin.
Isochromophilone IV (4)
The molecular formula of 4 was established as C21H27O5C1 (MW 394) by the analysis ofHR FAB-MS; (M+H)+ m/z 395.161 1 (calcd for C21H28O5C1 395.1646).
The UVspectrum of 4 in MeOHshowed the absorption maxima at 205 (e ll,800), 267 (7,900) and 390 (39,400)nm, which was similar to 3. Compound 4
showed similar XHand 13C NMRspectra except for the presence of one acetyl group in 4 as those of3. The same correlations as those of3 were observed in 1H-1HCOSY and HMBCof4. A cross peak from H-8 proton (S 3.46) to the acetyl carbonyl carbon (S 170.3) in HMBCrevealed that 4 was 8-O-acetyl 3 (Fig. 7) .
Isochromophilone VI (6) The molecular formula of 6 was established as C23H28NO5C1 (MW 433) by the analysis of HR FAB-MS; (M+H)+ m/z 434.1744 (calcd for C23H29NO5C1 434.1734).
The WH COSY and HMBC experiment revealed the structure of 6 as shown in Fig. 9 . To then washed with water, dried over Na2SO4 and filtered. After evaporation of the filtrate, the resulting material was subjected to TLC and developed with CHC13to give 9 (3mg). Compound 10 (3mg) was afforded from 3 (10mg) in the same manner to that described for the preparation of9. 7,8-Bis-/>-chlorobenzoate of5 (9) group has recently reported that 1 and 2 isolated from Penicillium multicolor FO-2338 showed inhibitory activity against gpl20-CD4 binding.8) Though the strain FO-3216 also produced 1 and 2 with 3~6, the inhibitory activity of 3~6 against gp 120-CD4 binding was weaker than that of 1 and 2 (data not shown). Here we showed that azaphilones had the inhibitory activity against ACAT.
The planar structures of 5 and 8 are same. But the ACATinhibitory activity of 5 was about three times more potent than that of8. Compounds3 and 4 are also 1R, and they showed more potent inhibitory activity than 8. Therefore, the configuration 7R should be important for ACAT inhibitory activity. Sclerotiorin inhibited ACATless potent than 3, and rotiorin and rubrotiorin also showed only weak inhibition. It suggested that C-8 should be sp3 for the inhibitory activity against ACAT.
